Abstract. The objective of this paper is to examine the inter-industry and labour market occupational effects of population ageing in Canada, using a computable general equilibrium overlapping-generations model. The model is calibrated along a balanced-growth path, taking into account labour-augmenting (Harrod-neutral) technical progress. It also accounts for heterogeneity at the household level, using 25 occupation-specific earnings profiles. In addition to the impact of slower labour force growth, the model captures the shift in sectoral composition of final demand. The latter is due to different consumption preferences of older individuals. Moreover, a wage curve is introduced to explore the impact of population ageing on the unemployment rate. The simulation results indicate that the growth in real GDP per capita could decline by nearly one percentage point between 2006 and 2050. Besides, the production of services, in percent of total GDP, is projected to increase in the long-run, although the analysis shows more modest changes in production shares than in previous studies. The results also suggest that the equilibrium unemployment rate is likely to decline by more than 2 percentage points in the long run. The impact also varies quite significantly at the occupational level. 
Executive summary
The objective of this study is to assess the inter-industry and labour market occupational effects of population ageing in Canada, using economic simulations performed with a computable overlapping-generations model. In the model, the population ageing shock replicates both a rise in the old-age dependency ratio and a decline in population growth rate. The old-age dependency ratio (i.e., the ratio of population aged 65+ relative to the working-age population) is expected to double over the next 40 years, rising from a current level of 20% to 40% in 2050. Also, the population growth rate is projected to decline from 1% to 0.3% in 2050. These changes are projected to slow the growth in the labour force and to raise pressures in labour markets. In addition, the model captures the shift in the sectoral composition of final demand (e.g., towards Health or Accommodation and Leisure) that will be induced by population ageing. For instance, older workers consume more health services than young workers. In general, these are more labour-intensive sectors. Moreover, we allow for the presence of unemployment in the labour market. This is achieved by the inclusion of an empirical wage curve which depicts a negative relation between the unemployment rate and the real wage rate: wages in labour markets with lower unemployment rate tend to be higher than wages in markets with higher unemployment rates. Consequently, a future decline in unemployment would lead to an upward pressure on wages.
The simulation results indicate that growth in real GDP per capita could decline by nearly one percentage point in the long run. As labour force growth is projected to slow very significantly, the unemployment rate would decrease by 2.7 percentage points in the long run, leading to increased pressure on wages (+12 percent on average). At the sectoral level, production costs would increase more in labour-intensive sectors. Hence, production would expand more in sectors with lower labour share in value-added. This is the case of Primary industries, and Finance, Insurance and Real Estate. Moreover, the demand effect, which is represented by the change in consumption preferences of older workers as well as the simulated shift in government consumption in favour of the health sector, would mitigate some of the long-run negative effects on labourintensive service industries such as Health, Accommodation and Leisure, Other Services and Transport and Storage industries. On the other hand, real wage pressures would rise across all occupational groups. Wage pressures in Management occupations, Business, Finance and Administration, Health, Social Science and Education as well as occupations in Primary industries would be well above average. In contrast, wage pressures in Processing, Manufacturing, Sales and Trades could be well below average.
Finally, we conclude that there are three important structural implications of population ageing for the labour market: 1) the contribution of labour supply (quantity) to economic growth would decline leading to a more important role for physical capital and investment in knowledge in fostering labour productivity (quality); 2) the equilibrium unemployment rate would fall significantly and likely achieve an unprecedented low level; 3) significant distributional effects are expected, and will be caused by rising disparity in occupational unemployment and wage rates. This implies that the distributional impact of population ageing is a very important element to consider in future research.
Introduction
As demographic projections clearly indicate, Canada and most economically advanced countries are expected to experience a significant decline in population growth as well as an ageing of their workforce. Since labour represents nearly two-thirds of the income share, the anticipated slowing in labour force growth raises important labour market and economic growth challenges.
The objective of this study is to examine the inter-industry and labour market effects of future demographic changes in Canada, using a dynamic general equilibrium model. In addition to the labour supply shock, our analysis takes into account the shift in sectoral composition of final demand. The latter is due to different consumption preferences of older individuals. For example, older households consume more health and travelling services, while younger households consume more education services. A change in the demand structure due to an older population may impact the sectoral composition of production and consequently affect the labour market.
The model used in this research extends the multi-sectoral overlapping-generations (OLG) model of Fougère, Mercenier and Mérette (2007) in four ways. These extensions include: the calibration of the model along a balanced-growth path, taking into account labour-augmenting (Harrod-neutral) technical progress; an increased heterogeneity at the household level with the introduction of 25 occupation-specific earnings profiles according to the National Occupational Matrix (NOC); a wage curve to account for changes in the unemployment rate at the occupational level; and a higher number of generations with various consumption preferences over the life cycle.
Given the underlying structure of the model, the combined supply and demand effects are expected to mitigate the negative impact in some sectors. The intuition behind these impacts is as follows. At the aggregate level, population ageing implies slower labour force growth, which in turn raises labour market pressures, reduces the equilibrium unemployment rate and increases wage pressures. Physical capital becomes relatively more abundant than labour and its relative rental rate declines. According to life-cycle assumption, older households tend to consume more and save less. This pushes the demand for consumption up and its price and lowers savings and investment. At the sectoral level, changes in the composition of final demand and combined changes in wages and in the rate of return to capital will affect the value-added price and the producer price which will in return determine the reallocation of factors across sectors as well as the substitution in consumption. The sector's relative intensity of factor inputs is also an important determining factor. The more labour-intensive an industry is, the more its sector will be negatively affected by rising wage pressures. Alternatively, more capital-intensive industries will benefit from declining relative rental rate of capital.
Lastly, the occupations used intensively in the more expanding industries will benefit the most in terms of relative real wages.
The remainder of this paper is divided as follows. Section 2 provides a brief overview of the recent literature which focused on the sectoral and growth implications of population ageing. Section 3 provides a technical description of the model and discusses the calibration procedure. Section 4 describes the implementation of the demographic shock in the context of slowing population growth. Section 5 presents the main simulation results. Section 6 discusses sensitivity analysis. Finally, Section 7 concludes.
Literature Review
In this section, we review studies that have examined the impact of population ageing on changes in the composition of demand and the underlying effects on industrial sectors. Fougère et al. (2007) , analyze the dynamic and transitional impact of population ageing in Canada at the sectoral and occupational level using a computable overlapping generations model. In their analysis the authors account for both changes in labour supply and in the composition of demand due to a higher proportion of older consumers. The authors find that the negative labour supply shock due to ageing will prevail over the effect of changes in the composition of demand. At the sectoral level, they indicate that the share in total GDP of Health, Finance, Insurance and Real Estate activities would increase, while the share of Education, Construction and Manufacturing sectors would decrease. Börsch-Supan (2003) analyses the effects of population ageing on the labour market in Germany. The author claims that the decline in the workforce will be partly offset by an increase in capital intensity and labour productivity through more education and training. He suggests that the shift in the age structure will modify the composition of demands for goods which will have important effects on employment across sectors of the economy. Assuming that the distribution pattern by age remains unchanged in the future, he finds that employment would likely increase in Health, Personal Outfit, Energy More recently, Volz (2008) analyses the sectoral effects of population ageing in Germany. The author uses a static computable general equilibrium (CGE) model which takes into account the same two driving forces: increased labour market pressures due to ageing and consumption demand changes. The findings of this study are similar to the results presented in Fougère et al. (2007) , with Health and Education being the two most affected sectors.
On the other hand, Kronenberg and Moeller-Uehlken (2008) examine the impact of demographic changes on infrastructure demand in two regions of Germany using a regional input-output model. They find that changes in the composition of final demand due to ageing may have significant and regionally different impacts on infrastructure demand. The authors suggest that production and expenditure in the sectors of Energy, Transportation, Package holidays and Education would increase a lot in the region of Hamburg, but not necessarily in other parts of Germany. Finally, they underline the importance conducting regional studies. Finally, Fenton, Heaver and Spencer (2006) used an accounting economic model of Canada, which is integrated to a demographic model, to examine the medium and longrun effects of alternative demographic scenarios on economic growth. In their "base case scenario", they find that between 2001 and 2021, average annual real GDP and real GDP per capita growth rates would reach 2.7 percent and 1.9 percent, respectively. However, over the 2021-2051 period, growth in real GDP and real GDP per capita would fall to 1.2 percent and 1.0 percent, respectively.
Overlapping Generations Model
The analysis uses a life-cycle OLG model of a small open economy which represents an extension of Fougère et al. (2007) . There is only one fully endogenous region in the model -Canada -and a reduced form residual rest-of-the-world is introduced to Blinder (1974) and gives rise to inter-generational transfers in addition to public old-age pension benefits. The specification of the utility function implies that the felicity from bequest is independent of the present value of cash receipts extending beyond the death of the current generation.
Assuming no borrowing constraints and perfect capital markets, the accumulation of assets by the representative agent is a function of savings and evolves according to: 
) 
These first-order-conditions provide the optimal demand system for inputs by firms from each sector at each time, conditional on intermediate goods and factor prices, and on output levels. Following Blanchflower and Oswald (1994) , we assume the presence of equilibrium unemployment on the labour market using a "wage curve" which depicts a negative relation between the real wage and the unemployment rate: are occupation-specific and represent, respectively, a scale parameter and the (negative) elasticity of the real wage rate with respect to the unemployment rate. The idea behind this empirical relation is to consider that local unemployment rate in a given region or industry is one of the determinants of the wage rate. Wages on labour markets with lower unemployment rate are higher than wages on labour markets with higher unemployment rates. In our model, we regard as "local" the labour market for a given profession. This in line with Card (1995) , who suggested that the efficiency wage theory proposed by Shapiro and Stiglitz (1984) may be seen as a leading contender for explaining the wage curve, where the wage rate for a given occupation is related to the occupation-specific unemployment rate.
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The stock of physical capital broadens with investment t Inv , but narrows with depreciation at constant rate DepR :
The one period expected rate of return on a unit of physical capital bought at time t −1,
RRet , is thus defined as:
that is, as its expected real rental price net of depreciation augmented by anticipated capital gains.
The Public Sector
The government taxes labour and capital incomes, as well as consumption expenditures. Its spending includes consumption ( t Gov ) and interest payments on debt.
Government consumption is allocated across sectors using a CES aggregator:
To satisfy its budget constraint when tax revenues come short of expenditures, the government issues new bonds. Accordingly, the budget constraint of the government is: 
Pension System
Pay-as-you-go pension benefits are financed by contribution rates on wage 
is a composite of domestically produced and imported goods using a CES function: 
A reduced form rest-of-the-world closes the model with constant prices and income;
its demand for Canadian goods is:
, .
Consistent with the reduced form description of the rest of the world, we assume that it neither borrows nor lends to the national economy, so that trade balances at all t: 
-Labour market 
Prices of the rest of the world are chosen as numéraire.
Model Calibration
Data
The calibration exercise consists to choose behavioural parameters and stock levels so that the model reproduces the data set on flows at a chosen base year. Production activities by sectors have been computed using Statistics Canada's Input-output accounts aggregated to 14 sectors. Table 1 presents the sectoral aggregation which is based on the input-output tables for the year 1999. Regarding the specification of labour markets, the categories are defined from the National Occupational Classification Matrix, 2001. 
Parameterization
The values for the behavioural parameters are reported in Table 4 . The estimates for the inter-temporal elasticity of substitution used in applied general equilibrium literature, lie between 0.1 and 1.3 (see Auerbach and Kotlikoff, 1987 and Kenc and Perraudin, 1997) . We choose a value a value of 1.0 for the base run scenario. The labour demand substitution elasticities are based on Ciccone and Peri (2005) who report an estimate of the substitution elasticity between high-skilled and low-skilled workers equal to 1.5. In our model, however, we assume a smaller value for the substitution between types of occupations ( Inter-sectoral elasticities of substitution for investment and public consumption are assumed equal to 2.5. Elasticities of substitution for private consumption as well as between the domestic and imported good are fixed to 1.5, the elasticities of substitution between intermediate goods are set equal to 2.0 for all sectors, and the export demand elasticities are set to 5.0 in all sectors. Table 4 also presents the main base year 2000 macroeconomic data used in the calibration. Using the share of education and health care with respect to GDP, government expenditures are divided in four components: health, education, construction and public administration. The values of the elasticity of the real wage rate with respect to the unemployment rate in the wage curve are based on the estimates reported in Decaluwé et al. 2005 (Table 4) . Finally, as indicated in introduction, the CGE model is calibrated along a balanced-growth path, taking into account labour-augmenting (Harrodneutral) technical progress. In the baseline simulation, the exogenous labour productivity growth rate is set equal to the 1996-2006 average of 1.9 percent per year.
Spending Shares by Age
Household consumption preferences are depicted in Figure 1 
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As Professional Services to Firms and Computer and other Firm Services are pure services to firms, their consumer-spending share is equal to zero for all age group: firms absorb all these services as input costs. Therefore, the only impact of population ageing on these sectors will be through changes in firm's demand for intermediate goods.
As can be seen from the In the remaining steps of the calibration procedure we determine the life-cycle consumption profile, the time preference parameter and the equilibrium interest rate, as well as government expenditures other than health care and education. Once the aggregate variables are correctly calibrated to a base year and are consistent with a steady state equilibrium, the sectoral structure of consumption baskets by age is adjusted to be consistent with aggregate consumption. The structure of wealth portfolios is determined similarly, and is assumed to have the same structure for all age groups. Lastly, the calibration of the life-cycle earnings profiles in the initial steady state is based on information from the 2001 Census. Figure 3 presents the distribution of earnings by occupation and by age group. 
Simulation of demographic change
In the absence of a demographic shock the model generates the data used in the calibration with a constant economic growth rate and a constant population. This scenario is ignored. Whereas, when the shock is introduced, the model generates a new transition 
In addition to the demographic shock, we assume for all simulations that the government maintains public education and health care expenditures fixed per head in each age group; this implies that there is a budget shift in favor of health care partly at the expense of education when population ages. Public consumption net of health and education expenditures is then allocated to construction and public administration services in the same proportions as in the base run.
Simulation Results
In this section, we examine the impact of population ageing at both the aggregate and sectoral levels. We first examine the macroeconomic impact on key economic indicators. This is followed by more detailed results at the sectoral and occupational levels. It is also worth noting that even if the model is characterized by an exogenous growth mechanism (given the assumption of a Harrod-neutral technical progress) the growth rate is endogenous during the transition to the long-run steady state due to the introduction of the demographic changes. Figure 5 and 6 present the impact of population ageing on the growth in productive capacity measured in both real GDP and real GDP per capita. world oil crisis and two severe recessions . 1962-1973 1974-1996 1974-2006 1962-2006 2006-2018 2018-2030 2030-2050 2006-2050 GDP GDP per capita 2020 and stays above 2 percent until 2040. On a per capita basis, physical capital stock grows well above 2 percent until 2026 and declines to 1.3 percent by 2050.
Macroeconomic Impact of Population Ageing
Consequently, as physical capital grows faster than effective labour supply, physical capital intensity grows on average by more than 2 percent over the next 40 years. This also may be explained by the rise in relative prices of productive factors (w/r). Increased labour market pressures due to slowing labour force growth reduces the unemployment rate which in turn stimulates real wage growth, while the faster growth in physical capital contributes to reduce its rental rate. Therefore, the combined rise in relative prices of productive factors encourages firms to substitute away from labour and towards physical capital as a factor of production. Despite the rise in physical capital intensity, the growth rate of investment spending to GDP ratio is negative due to the reduction in savings. Since the proportion of the older population increases, older households tend to consume more and save less. Therefore, in aggregate, the ratio of consumption to GDP increases, while savings and investment rates decline.
Due to the slower labour force growth, the national unemployment rate declines and real wage pressures increase. From the level achieved in 2006, the unemployment rate would fall by about 2.3 percentage points by 2026 and by about 2.8 percentage points thereafter. This suggests that an "equilibrium" unemployment rate of around 4-5 percent or even lower in Canada over the next two decades is a likely scenario with an ageing population.
Analysis at the Sectoral Level
To well interpret the impact at the sectoral level, it is very important to understand how projected demographic changes will affect both sectoral market prices and sectoral demand. Figure 7 presents the base run sectoral labour share in the model and the long run (2050) impact of population ageing on sectoral market prices relative to 2006. Figure   8 shows the long run impact on sectoral production (detrended) and sectoral market prices relative to 2006.
As it can be seen in Figure 7 , the long-run impact of population ageing on sectoral market prices is positively related to sectoral labour shares. This implies that the more labour-intensive the industry, the more it will be hit by rising input costs due to increased labour market pressures. On the other hand, Figure 8 shows clearly a negative relationship between changes in sectoral market prices and sectoral output in the long run. Rising production costs limit sectoral growth in more labour-intensive industries. However, the change in the composition of final demand, as older individuals tend to consume more services, compensates the labour-intensive services industries. faster, on average, than all sectors combined. In general, above-average growth can be partly explained by the rising demand for goods and services of older households. In addition, the most capital-intensive sectors are the least affected by rising wage costs and are projected to benefit from the reduction in the rental rate of capital.
Health is the most obvious sector benefiting from rising expenditures in health care services due to an older population. On the other hand, the Health sector is also very labour-intensive. Therefore, the effect of rising wage costs from health workers partly offsets the effect of rising demand in Health services on sectoral growth. In addition,
FIRE and the Primary sector are the two most capital-intensive industries and benefit from the reduction in input costs.
On the other hand, Education, Public administration and Construction are expected to grow slower than the national average, in part because of the negative shift in the composition of private demand. Education is the most negatively affected sector, especially between 2006 and 2030 as the proportion of younger individuals is currently falling rapidly and will continue to decline over the next 20 years or so. Accordingly, the demand for education services is projected to grow slower than historically. The
Construction sector is also negatively affected, since household expenditures on housing is lower among older households. Finally, as indicated earlier, these three sectors are all very labour-intensive. Therefore, they face increased input costs due to rising labour market pressures. Table 8 presents the impact of ageing on the growth of labour and capital demand by sector, while Figure 9 presents the long-run impact of ageing on production (detrended) and factor input reallocation relative to 2006. Growth in capital demand is projected to remain strong across all sectors, while the demand for labour would grow very slowly. On average, labour demand in Education is projected to grow negatively, on average over the next decades, while it is projected to stay flat in Public Administration.
Regarding the remaining sectors, the demand for labour is expected to grow positively but slowly during the 2006-2030 period and remain flat thereafter. 
Production (detrended) Labour demand Capital demand (detrended)
Analysis at the Occupational Level
We now focus on the labour market impact at the occupational level. Table 9 and Figure 10 present the impact on the unemployment rate at the occupational level, and Table 10 the impact on the wage rate by occupation.
Changes in unemployment rates reported in Table 9 suggest that labour market effects would vary significantly across the different occupations and skill levels. These changes are determined by the decrease in labour supply as well as changes in sectoral labour demand. The decline in unemployment rates would ultimately represent an additional factor that contributes to the rising pressure on wages. As previously stressed, the profession employed mainly in the more expanding industries will benefit the most in terms of real wage rate (Appendix 2). For example, workers in Business and Finance occupations would benefit from the expansion of the Finance and Insurance sector. This is also the case for Health occupations. Overall, occupations with the largest drop in unemployment rate would also experience higher increases in wages. In contrast, the likely negative impact on the labour-intensive Construction sector would lead to a relatively smaller decrease in unemployment and pressure on wages for Trades and Equipment Operators occupations. 
Sensitivity Analysis
In Section 3, we discuss the model calibration for our baseline simulation and provide a justification according to the literature for the choice of elasticities and parameter values. In this section, we provide 3 sets of sensitivity analysis to test the robustness of the results. First, we use a lower value for labour productivity growth.
Second, we choose a higher value for the inter-temporal elasticity of substitution. Finally, we use higher elasticities of substitution between occupations.
Lower Labour Productivity Growth
In the baseline scenario, we use a value of 1.9 percent for labour productivity growth, corresponding to the 1996-2006 average. In this alternative scenario, we assume that future labour productivity growth will average 1.1 percent, which is equal to the 2000-2006 average. Figure 11 provides a comparison of the impact of a different labour productivity growth assumption on real GDP and real GDP per capita growth rates. Not surprisingly, average growth in real GDP is much lower under the current scenario.
However, the long-run drop in real GDP and real GDP per capita remain similar to that under the baseline scenario, since the dominating effect on the economy is the negative labour supply shock. At the sectoral level, the assumption of lower labour productivity growth lowers average real GDP growth, but does not affect the overall decline in real GDP growth between 2006 and 2050. The sectoral ranking is also unchanged. Finally, the impact of population ageing on labour market pressures is somewhat larger with lower growth in labour productivity. Since labour productivity growth is slower, firms need to rely more on labour demand to produce output. Accordingly, the decline in unemployment rate is larger for some occupations and real wage pressures are higher. Lab. Productivity=1.1%
Higher Value for the inter-temporal elasticity of Substitution
In the baseline scenario and based on the literature, we have used a value of the inter-temporal elasticity of substitution equal to 1. However, as indicated in Section 3, the highest value found in the literature is 1.3. Therefore, as a second sensitivity test, we have experimented with a value of 1.3.
According to the results in Figure 12 , the simulated impact of population ageing on real GDP growth is almost the same as in the baseline. Average GDP or GDP per capita growth rates are about 0.1 percentage point lower with a higher inter-temporal elasticity of substitution. The difference is mainly explained by slower growth in investment and physical capital stock. A higher inter-temporal elasticity of substitution implies that economic agents have a greater preference for current consumption, which leads to a slower growth in savings, investment and capital stock. -2018 2018 -2030 2030 -2050 2006 -2050 2006 -2018 2018 -2030 2030 -2050 2006 -2050 percentage points in the long run, compared to 2.8 percentage points in the baseline scenario, leading to a lower pressure on wages. In the long run, the aggregate wage rate (Laspeyres index) rises by only 8 percent, compared to 12 percent in the baseline.
At the sectoral level, average GDP growth is about 0.1 percentage point lower across all sectors. Regarding the long-run impact on occupational wages, the changes vary between 3.1 and 11.4 percent, compared to 6.1 and 16.9 percent under the baseline scenario. However, the ranking is unchanged.
Higher Value for the elasticity of substitutions in labour CES nesting
As a quick reminder, in the baseline scenario, we assume that the elasticity of substitution between types of occupations 0.5 Under this alternative scenario, the macroeconomic impact of population ageing is similar to the baseline, as key economic indicators are practically unchanged. At the sectoral level, the growth impacts are also unchanged. Finally, there are some small differences on real wages at the occupational level, which are less than ±1.5 percentage points in the long run.
Conclusion
This paper examines the inter-industry and labour market effects of future demographic changes using a dynamic general equilibrium overlapping-generations model. The simulation results indicate that growth in real GDP per capita could decline by nearly one percentage point in the long run. As labour force growth is projected to slow very significantly, the unemployment rate would decrease by 2.7 percentage points in the long run, leading to increased pressure on wages (+12 percent on average).
At the sectoral level, production costs would increase more in labour-intensive sectors. Hence, production would expand more in sectors with lower labour share in value-added. This is the case of Primary industries, and Finance, Insurance and Real
Estate. Moreover, the demand effect, which is represented by the change in consumption preferences of older workers as well as the shift in government consumption in favour of the health sector, would mitigate some of the long-run negative effects on labour- Finally, we conclude that there are three important structural implications of population ageing for the labour market: 1) the contribution of labour supply (quantity) to economic growth would decline leading to a more important role for physical capital and investment in knowledge in fostering labour productivity (quality); 2) the equilibrium unemployment rate would fall significantly and likely achieve an unprecedented low level; 3) significant distributional effects are expected, and will be caused by rising disparity in occupational unemployment and wage rates. This implies that the distributional impact of population ageing is a very important element to consider in future research. 
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